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FUTURE PROSPECTS FOR THE USE OF TELEVISION 

MICROSCOPY TO DETECT EXTRATEFXESTRIA LIFE 

B. L. Kozlov (1) 

The most important  f a c t o r s  r e s p o n s i b l e  f o r  t h e  
i n i t i a t i o n  and wide development of t e l e v i s i o n  micro- 
scopy a s  an  independent t r e n d  i n  s c i e n t i f i c  r e s e a r c h  
i n  bo th  Ea r th  and space  l a b o r a t o r i e s  a r e  considered.  

S ince  t e l e v i s i o n  microscopy i s  one of t h e  most 
i n fo rma t ive  techniques f o r  s tudy ing  mic ros t ruc tu re s ,  
one of t h e  immediate t a s k s  i s  t h e  complete automa- 
t i o n  of a l l  systems. Ma te r i a l  is presented  which 
demonstrates t h e  n e c e s s i t y  f o r  u s ing  s p e c i a l  systems 
of au tomat ic  focus ing  of microimages. 

To s o l v e  t h e s e  problems, t h e  es tab l i shment  of 
t h e  necessary  and s u f f i c i e n t  s i g n s  of l i f e  i s  
requi red .  

The s t eady  i n c r e a s e  of t h e  requirements  p laced  on one of t h e  most 

impor tan t  methods of s tudy ing  b i o s t r u c t u r e s  - o p t i c a l  microscopy --- was the 
reason  f o r  t h e  i n i t i a t i o n  i n  t h e  l a s t  few yea r s  of a new t r e n d  c a l l e d  t e l e -  

v i s i o n  microscopy. A t  p r e s e n t ,  t h e  t e l e v i s i o n  microscope i s  a device  con- 

t a i n i n g  a t e l e v i s i o n  system i n t e g r a t e d  w i t h  a s p e c i a l  o p t i c a l  microscspe. 

The ins t rument  i s  in tended  t o  o b t a i n  va r ious  q u a l i t a t i v e  and q u a n t i t a t i v e  

d a t a  about t h e  o b j e c t  be ing  s t u d i e d ,  i nc lud ing  i ts  image, and can operate i n  

a wide range of wavelengths - from i n f r a r e d  t o  t h e  u l t r a v i o l e t .  

As is  known [ I ] ,  [ 2 ] ,  t h e  b a s i c  f a c t o r s  r e spons ib l e  f o r  t h e  feasibility 

of concurrent  u se  of r a d i o  engineer ing ,  e l e c t r o n i c  and microscopy methods in 

l a b o r a t o r i e s  on t h e  Ea r th  a r e :  

* 
Numbers i n  t h e  margin i n d i c a t e  pag ina t ion  i n  t h e  o r i g i n a l  fo re ign  t e x t ,  

1ns t i t u t e  of Cosmic S t u d i e s ,  Academy of  Sc iences ,  USSR. 



1. Sharp reduction of i l luminat ion of t h e  ob jec t  under study during the 

experiment, This has s p e c i a l  importance i n  s t u d i e s  i n  u l t r a v i o l e t  says which, 

on the  one hand, have a s p e c i f i c a l l y  s t rong des t ruc t ive  e f f e c t  on t h e  prepar- 

a t i o n ,  bu t ,  on t h e  o ther  hand, provide g rea t ly  increased con t ras t  of the image 

and heightened resolving power of t h e  op t i cs .  

2. Obtaining preliminary da ta  on the  chemical composition of the object /4 
and topography of t h e  d i s t r i b u t i o n  of p a r t i c u l a r  ma te r i a l s  i n  i t s  structure. 

To ob ta in  these  data ,  t h e  f a i r l y  c r i t i c a l  r e l a t i o n  of t h e  absorption coefficient 

of organic components t o  l i g h t  wavelength i s  used (absolute values of 

absorption a r e  5-10 times g r e a t e r  a t  the  maximum than a t  t h e  minimum [31). 

3. Indicat ions  of t h e  presence of exchange of mat ter  by comparini images 

obtained i n  the  same l i g h t ,  but  a t  var ious  times. 

4. Making various q u a n t i t a t i v e  measurements with g rea t  p rec i s ion  (plot-  

t i n g  absorption curves, determining dimensions of image d e t a i l s ,  e t c . ) ,  

I n  making space experiments on p lane t s ,  t h e  t a s k  of automatic b io log ica l  

s t a t i o n s  is  t o  de tec t  l i f e  o r  i ts  t r a c e s  wi th  t h e  g r e a t e s t  poss ib le  reliability, 

I n  conducting an experiment i n  space, t h e  s h o r t  communication t i m e ,  very 

se r ious  l i m i t a t i o n s  on weight, s i z e ,  amount of consumable power, aind a nmber 

of o the r  reasons put  i n  t h e  fo re f ron t  t h e  following important problems, on 

whose so lu t ion  t h e  success of t h e  e n t i r e  experiment as  a whole might depend: 

(1) complete (or  nea r ly  complete) automatic operat ion of t h e  equipment; 

(2) automatic ana lys i s  of information obtained (even though p r e l i d n a r y )  

t o  s e l e c t  da ta  which should be t ransmit ted  t o  Earth. 

I n  r e l a t i o n  t o  t e l e v i s i o n  microscopy, t h e  most important p a r t  of problem & 
NO. 1 is  automatic focussing of t h e  o p t i c a l  system. I f  i t  i s  inaccurately 

set,  each point  of t h e  object  w i l l  no longer be i n  t h e  center  of t h e  sphere 



formed by t h e  image. A s  a r e s u l t ,  t h e  image of  t h a t  p o i n t  w i l l  be  formed by 

r a y s  whose pa ths  a r e  no t  i d e n t i c a l .  According t o  t h e  Rayleigh c r i t e r i o n ,  

i f  t h e  maximum d i f f e r e n c e  of pa ths  Amax does no t  exceed 1 /4  of t h e  l i g h t  

wavelength, t h e  image can b e  considered focussed. I n  p r a c t i c e ,  however, i t  

is more convenient t o  d e a l  no t  w i th  Amax, c a l c u l a t e d  according t o  t h a t  

c r i t e r i o n ,  b u t  w i t h  another  va lue  - t h e  probable  e r r o r  of  p o s i t i o n i n g  the 

o b j e c t  i n  r e l a t i o n  t o  t h e  o p t i c a l  system cgon [ 4 ] .  Resu l t s  of  such conver- 

s i o n  f o r  t h e  f i e l d  of view a r e  given i n  t h e  t a b l e .  Here n o s i n  LI i s  t he  

numerical  ape r tu re .  

2 E gcn ,.vm 3 

Since  defocussing can b e  done i n  bo th  d i r e c t i o n s  from t h e  p o s i t i o n i n g  p o i n t  

o f  t h e  o b j e c t ,  t h e  second column i n d i c a t e s  d u p l i c a t e  va lues  of t h e  p e m i s s i b l e  

e r r o r .  

These d a t a  q u i t e  obviously i n d i c a t e  t h a t  a t tempts  t o  r i g i d l y  

t h e  o p t i c a l  system and v a r i a b l e  parameters  - and i n  t h i s  way t o  e l i m i n a t e  

t h e  n e c e s s i t y  f o r  o p t i c a l  adjustment  when us ing  t h e  c l a s s i c a l  scheme o f  

b i o l o g i c a l  microscopy - a r e  ev iden t ly  doomed t o  f a i l u r e .  

Seve ra l  ve r s ions  of devices  t o  au toma t i ca l ly  focus o p t i c a l  images i n  

t r a n s m i t t i n g  t e l e v i s i o n  cameras have been suggested and developed 151. The 

d e t a i l  D of a mul t i -grada t ion  t e l e v i s i o n  p i c t u r e ,  c a l c u l a t e d  f o r  frame per iod  

TK, i s  u sua l ly  used a s  an accuracy c h a r a c t e r i s t i c .  I f  t h e  v ideos igna l  s t r e n g t h  

i s  des igna ted  by U(t) , t hen  

It must be  po in t ed  out  t h a t  t h e  systems descr ibed  i n  t h e  l i t e r a t u r e  are 



sometimes need changes i n  t h e  d u p l i c a t i n g  t r a n s m i t t i n g  tubes  ope ra t ing  only  

i n  t h e  focuss ing  device. 

Evident ly ,  i t  i s  t h e o r e t i c a l l y  p o s s i b l e  t o  c r e a t e  t e l e v i s i o n  microscopy 

wi thout  any au tofocuss ing  system at a l l .  For  t h i s ,  i t  would b e  necessary  

t o  pu t  t h e  p r e p a r a t i o n  being s t u d i e d  between t h e  l i g h t  sources  and t h e  t r ans -  

m i t t i n g  tube  i n  d i r e c t  con tac t  w i t h  i ts  photocathode. The r e s o l v i n g  power of 

such a device  w i l l  b a s i c a l l y  b e  determined by a  photodetec tor .  For t h e  

ma jo r i t y  of  e x i s t i n g  tribes,  t h i s  i s  about 20-30 micrometers ( t h e  e f f e c t i v e  

diameter  of  a commutative beam i s  10-15 micrometers [ 6 ] ) .  A t  t h e  cost of 

complicat ing t h e  appara tus ,  i f  necessary ,  t h e  r e so lv ing  power can be  inc reased  

by s e t t i n g  a f i b e r e d  o p t i c s  between t h e  photocathode and t h e  p repa ra t ion ,  17 
Considering t h a t  t h e  minimum s i z e  of an  elementary f i l amen t  f i b e r  i s  2 micro- 

microns, t h e i r  t o t a l  number i s  q u i t e  h igh ,  and t h e  c o e f f i c i e n t  of magnifica- 

t i o n  is 10 X ,  which corresponds approximately t o  t h e  d a t a  g iven  i n  173,  We 

f i n d  t h a t  t h e  r e so lv ing  power i n c r e a s e s  by a f a c t o r  of 8-10. We must point 

o u t  t h a t  a c t u a l  r e s o l u t i o n  w i l l  depend on t h e  mutual d i s t r i b u t i o n  of f i n e  

d e t a i l s  of t h e  p repa ra t ion ,  of t h e  o p t i c a l  f i l ament  f i b e r s ,  and t h e  l i n e s  s f  

t h e  t e l e v i s i o n  screen .  The g r e a t e s t  l o s s e s  could t a k e  p l a c e  i n  v e r t i c a l  

r e s o l u t i o n ,  a s  i n  t h i s  d i r e c t i o n  t h e  t e l e v i s i o n  s c r e e n  has a  d i s c r e t e  struc- 

t u r e .  A t  wor s t ,  t h e  s i z e  of t h e  element w i t h  v e r t i c a l  r e s o l u t i o n  i n c r e a s e s  

3-4 t imes ,  and w i t h  h o r i z o n t a l  r e s o l u t i o n  it doubles.  The p r o b a b i l i t y  of 

t h i s  is q u i t e  s m a l l .  

Comparisons of devices  w i th  an  au tomat ic  focuss ing  system and wi thout  

it, show t h a t ,  o t h e r  condi t ions  be ing  t h e  same, t h e  r e s o l u t i o n  of the first 

t y p e  w i l l  always b e  cons iderably  h igher .  Ac tua l ly ,  i n  good b i o l o g i c a l  

microscopes i t  i s  determined by t h e  wave p r o p e r t i e s  of l i g h t  and f o r  the  

v i s i b l e  f i e l d  is about 0.25 micrometers [8] .  I n  systems wi th  f i b e r e d  optics, 

accuracy w i l l  depend on t h e  s i z e  of t h e  f i b e r ,  which ( sepa ra t ed  from pure ly  

t echno log ica l  d i f f i c u l t i e s )  proved no t  t o  be  l e s s  t han  1-2 micrometers be- 

cause of d i f f r a c t i o n  phenomena. A s  was i n d i c a t e d  above, c e r t a i n  e r r o r s  w i l l  

a l s o  occur  because of t h e  d i s c r e t e  s t r u c t u r e  of t h e  image produced, Therefore, 



the  c rea t ion  of an automatic focussing system f o r  t e l ev i s i on  micrclscopes i s  -. / 8 

one of t he  important and immediate tasks.  Perfect ing t he  equipment, making 

space experiments more complex, and broadening the  f i e l d s  of study i n  connec- 

t i o n  with t h e  necess i ty  of solving a l l  t h e  more d i f f i c u l t  problems i n  the  

l a s t  analys is  amount t o  a sharp increase  i n  the  information obtained by t he  

s t a t i on .  The problem of detect ing l i f e  on other  p lanets  i s  one of t he  most 

complex problems. To successful ly  solve  i t  demands organizing a whole l i s t  

of experiments t o  obta in  a l a rge  quant i ty  of t he  most varied information, It 

is  per fec t ly  evident t h a t  the overwhelming majori ty of t h i s  information, i n  

the l a s t  ana lys i s ,  w i l l  be excessive. I f ,  f o r  example, c e r t a i n  s igns  of l i f e  

a r e  searched f o r  by analyzing microstructure images, then i t  i s  very probable 

t h a t  these  s igns  w i l l  be detected e i t h e r  i n  t he  overwhelming majori ty of the  

micro-images obtained ( i f  the  expericent i s  conducted cor rec t ly  and life i s  

widely d i s t r ibu ted  a t  t h e  places of observation),  o r  they w i l l  be encountered 

very r a r e ly  o r  not  a t  a l l  ( i f  the  experiment i s  s e t  up incor rec t ly  o r  if the r e  

is  no l i f e  i n  a given place) .  Each frame of a t e l ev i s i on  micro-image usual ly  

cons i s t s  of about (2-5) 10' points ,  and t he  transmission of a l l  t h e  i n foma t ion  

on board t h e  s t a t i o n  would be impossible. As a r e s u l t ,  i t  becomes necessary 

t o  reduce the  experimental program, which puts  t h e  au then t ic i ty  of the  r e s u l t s  

under some doubt. Under these  circumstances, preliminary automatic processing 

of t he  information according t o  c e r t a i n  evaluation c r i t e r i a a n d t h e  s e l ec t i on  & 
of data  t o  be  transmitted t o  Earth i s  absolutely necessary and equivalent t o  

t he  success of the  experiment a s  a whole. 

The c rea t ion  of computers f o r  preliminary processing of data  obtained, 

however, is a very complicated task .  The main d i f f i c u l t i e s  a r i s e  because 

of t he  absence of the  necessary evaluat ional  c r i t e r i a .  Basic signs of l i f e ,  

such as  reproduction, growth, a c t i v i t y ,  response t o  s t imulat ion,  exchange of 

matter ,  e t c . ,  taken separa te ly ,  do not  give a simple answer t o  the  question, 

and can always be explained by purely physical  o r  chemical processes. Se t t ing  

up an experiment t o  detect  lifedemands,however, a l a rge  amount of a p r i o r i  

data  as a ba s i s  on which t o  bui ld  a l l  research. Thus, successful  s o l u t i o n  



of t h e  problem is poss ib le  only a f t e r  appropr ia te  exobiological  research 

and a f t e r  c l e a r l y  e s t a b l i s h i n g  necessary and s u f f i c i e n t  s igns  of l i f e .  

CONCLUSIONS 

1, Televis ion microscopy, as  one of t h e  most informative methods of 

research,  makes it poss ib le  t o  conduct on board t h e  s t a t i o n  a whole comp%ex 

of var ied  experiments i n  detec t ing s igns  of l i f e  on o t h e r  p lanets .  

2 .  The s p e c i f i c  character  of space experiments demands t h e  c rea t ion  of 

complete (or  near ly  complete) automatic t e l e v i s i o n  microscopes with s u f f i -  

c i e n t l y  high q u a l i t a t i v e  indices .  Developing p r inc ip les  f o r  const ruct ing 

these  devices and c rea t ing  systems f o r  automatic focussing of t h e  o p t i c a l  

image a r e  t h e  immediate t a sks  i n  t h i s  d i rec t ion .  

3. It i s  impossible t o  conduct a broad complex of research without 

prel iminary on-board automatic d a t a  processing and t h e  s e l e c t i o n  of d a t a  to 

be  t ransmit ted  t o  Earth. 

4 .  Development of equipment con t ro l  algorithms must be based on t he  

r e s u l t s  of exobiological  research and c l e a r  establishment of necessary and 

s u f f i c i e n t  s igns  of l i f e .  
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